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METHOD AND SYSTEM FOR ELECTRIC 
DISCHARGE MACHINING INSULATING 
MATERIAL OR HIGH RESISTANCE 

MATERIAL 

TECHNICAL FIELD 

The present invention relates to improvements in an 
electric discharge machining method and electric discharge 
machine for machining a workpiece When machining elec 
tric poWer is supplied betWeen the Workpiece, Which is made 
of insulating material or high resistance material, and an 
electrode so that pulse-like electric discharge is generated 
betWeen the electrodes. 

BACKGROUND ART 

FIGS. 8A to SE are schematic illustrations shoWing a 
mechanism of electric discharge machining. In the draWing, 
reference numeral 1 is an electrode, reference numeral 2 is 
a Workpiece, reference numeral 3 is an arc column, reference 
numeral 4 is a Working solution, and reference numeral 5 
represents chips produced in the process of electric dis 
charge machining. The Workpiece 2 is being machined by 
electric discharge machining through the cycle from the 
folloWing items (a) to (e) Which correspond to FIG. 8A to 
FIG. 8E. Each item is described as folloWs. Item (a) is a 
process in Which the arc column 3 is formed by the genera 
tion of electric discharge, item (b) is a process in Which the 
Workpiece 2 is locally melted and the Working solution 4 is 
vaporiZed by thermal energy generated by electric discharge, 
item (c) is a process in Which the Working solution 4 is 
vaporiZed and an explosive force is generated by the vapor 
iZation of the Working solution 4, item (d) is a process in 
Which a melted portion (chips 5 generated in the process of 
machining) of the Workpiece 2 is scattered, and item (e) is 
a process in Which the Workpiece is cooled by the Working 
solution 4 and solidi?ed so that insulation betWeen the 
electrodes are recovered. When this cycle is repeated highly 
frequently, the Workpiece 2 can be machined. 

The above electric discharge machining acquires a ?rm 
position as a technique of machining metallic dies and is put 
into practical use in the ?elds of automobile industry, 
electric appliance industry, semiconductor industry and so 
forth. HoWever, since electric discharge machining is a 
method of machining in Which the phenomenon of electric 
discharge is utiliZed as shoWn by the cycle illustrated in 
FIGS. 8A to SE, it is common that electric discharge 
machining is applied When the Workpiece 2 made of con 
ductive material such as material of iron is machined. 

Concerning the method of conducting electric discharge 
machining on the Workpiece 2 made of insulating material, 
there is provided a method disclosed in the of?cial gaZette of 
the Japanese Unexamined Patent Publication No. Sho63 
150109. According to the method, a conductive ?lm is 
coated onto a surface of insulating material by means of 
?ame coating or vapor deposition, and then electric dis 
charge is conducted on insulating material in a Working 
solution containing carbon. For the object of abolishing a 
speci?c processing device for applying the above conductive 
?lm onto the surface of insulating material, the Japanese 
Unexamined Patent Publication Nos. Hei7-136849 and 
Hei9-253935 disclose a technique in Which a Workpiece 
made of insulating material or high resistance material is 
made to directly come into contact With conductive material 
and subjected to electric discharge machining in a Working 
solution containing carbon. 
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2 
FIG. 9 is a schematic illustration shoWing a composition 

of a Wire electric discharge machine disclosed in the J apa 
nese Unexamined Patent Publication No. Hei9-253935. In 
the draWing, reference numeral 1a is a Wire electrode, 
reference numeral 2a is a Workpiece made of insulating 
material or high resistance material, reference numeral 4a is 
a Working solution containing carbon, reference numeral 6 
is a table on Which the Workpiece 2a is put, reference 
numeral 7 is a ?xing jig, reference numerals 8a, 8b are 
Working solution noZZles, reference numerals 9a, 9b are 
Wire guides, reference numeral 10 is a feeder piece, refer 
ence numeral 11 is a Working solution supplying pump 
Which is a member for supplying a Working solution, ref 
erence numeral 12 is conductive material, and reference 
numeral 13 is a machining electric poWer supplying mem 
ber. The Workpiece 2a and conductive material 12 are ?xed 
being joined to each other by the ?xing jig 7. The Wire 
electrode 1a is positioned at a joining portion of the Work 
piece 2a and the conductive material 12 by a positioning 
member not shoWn in the draWing. When machining electric 
poWer is supplied betWeen the Wire electrode 1a and the 
Workpiece 2a and also betWeen the Wire electrode 1a and 
conductive material 12 by the machining electric poWer 
supply member 13, ?rst, electric discharge is generated only 
in a portion of the conductive material 12, and then machin 
ing is conducted by thermal energy and a component of the 
electrode is transferred to the Workpiece in a portion of the 
Workpiece 2a closest to the conductive material 12. After 
that, electric discharge is also generated in the transferred 
portion of the Workpiece 2a. In this Way, machining of the 
Workpiece 2a proceeds by a shock of electric discharge and 
thermal energy generated by electric discharge. According to 
the progress of electric discharge machining, the component 
of the electrode is transferred onto the surface of the 
Workpiece 2a to be machined, and the Working solution 4a 
is thermally decomposed. Therefore, carbon contained in the 
Working solution 4a attaches to the Workpiece 2a in the form 
of crystalline carbon, the electric resistance of Which is 
relatively loW, so that a conductive ?lm can be formed. 
Electric discharge is generated on the conductive ?lm 
formed in this Way, and the Workpiece 2a is machined. 

As described above, the principle of the conventional 
electric discharge machining technique in Which a Work 
piece made of insulating material or high resistance material 
is machined by electric discharge is that the Workpiece is 
machined through a conductive ?lm formed on the Work 
piece. 

HoWever, When the above conventional electric discharge 
machining technique is adopted, machining can not be 
stably conducted and further quality of a machined surface 
is not high. For the above reasons, the above conventional 
electric discharge technique has not been put into practical 
use on a full scale. 

DISCLOSURE OF INVENTION 

The present invention has been accomplished to solve the 
above problems. It is an object of the present invention to 
provide an electric discharge machining method and 
machine capable of stably machining a Workpiece made of 
insulating material or high resistance material and enhancing 
quality of a machined surface of the Workpiece. 
The present invention provides an electric discharge 

machining method for machining a Workpiece When 
machining electric poWer is supplied betWeen the 
Workpiece, Which is made of insulating material or high 
resistance material coated With a conductive ?lm, and an 



US 6,946,615 B2 
3 

electrode, or machining electric power is supplied between 
the workpiece, which is made of insulating material or high 
resistance material coming into contact with conductive 
material, and an electrode so that pulse-like electric dis 
charge is generated between the electrodes in a working 
solution containing carbon, the electric discharge machining 
method including the steps of a voltage between the elec 
trodes at a point of time when a predetermined period of 
time has passed from the start of electric discharge is 
measured, and a relatively short electric discharge pulse 
width suitable for machining the workpiece according to the 
measured value is set and a relatively long electric discharge 
pulse width suitable for forming a conductive ?lm on a 
surface of the workpiece to be machined is set. 

The present invention also provides an electric discharge 
machining method for machining a workpiece when 
machining electric power is supplied between the 
workpiece, which is made of insulating material or high 
resistance material coated with a conductive ?lm, and an 
electrode, or machining electric power is supplied between 
the workpiece, which is made of insulating material or high 
resistance material coming into contact with conductive 
material, and electrode so that pulse-like electric discharge 
is generated between the electrodes in a working solution 
containing carbon, the electric discharge machining method 
including the steps of a voltage between the electrodes at a 
point of time when a predetermined period of time has 
passed from the start of electric discharge is measured, and 
a relatively short electric discharge pulse width suitable for 
machining the workpiece in the case where the measured 
value is lower than a predetermined reference voltage is set, 
and a relatively long electric discharge pulse width suitable 
for forming a conductive ?lm on a face of the workpiece to 
be machined in the case where the measured value is higher 
than a predetermined reference voltage is set. 

The present invention also provides an electric discharge 
machining method for machining a workpiece when 
machining electric power is supplied between the 
workpiece, which is made of insulating material or high 
resistance material coated with a conductive ?lm, and an 
electrode, or machining electric power is supplied between 
the workpiece, which is made of insulating material or high 
resistance material coming into contact with conductive 
material, and electrode so that pulse-like electric discharge 
is generated between the electrodes in a working solution 
containing carbon, the electric discharge machining method 
including the steps of at least one reference voltage, which 
is lower than an electric power source voltage, with a 
voltage between the electrodes is compared, and a relatively 
short electric discharge pulse width suitable for machining 
the workpiece according to the result of the comparison is 
set, and a relatively long electric discharge pulse width 
suitable for forming a conductive ?lm on a surface of the 
workpiece to be machined according to the result of the 
comparison is set. 

The present invention also provides an electric discharge 
machining method for machining a workpiece when 
machining electric power is supplied between the 
workpiece, which is made of insulating material or high 
resistance material coated with a conductive ?lm, and an 
electrode, or machining electric power is supplied between 
the workpiece, which is made of insulating material or high 
resistance material coming into contact with conductive 
material, and electrode so that pulse-like electric discharge 
is generated between the electrodes in a working solution 
containing carbon, the electric discharge machining method 
including the steps of a voltage between the electrodes at a 
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4 
point of time when a predetermined period of time has 
passed from the time when the voltage between the elec 
trodes becomes lower than a ?rst reference voltage which is 
set at a value close to the electric power source voltage lower 
than the electric power source voltage is measured, and a 
relatively short electric discharge pulse width suitable for 
machining the workpiece in the case where the measured 
value is lower than a predetermined second reference volt 
age is set, and a relatively long electric discharge pulse width 
suitable for forming a conductive ?lm on a face of the 
workpiece to be machined in the case where the measured 
value is higher than a predetermined second reference 
voltage is set. 

The present invention also provides an electric discharge 
machine for machining a workpiece by generating pulse-like 
electric discharge between an electrodes including a machin 
ing electric power supply member for supplying machining 
electric power between a workpiece made of insulating 
material or high resistance material which are coated with a 
conductive ?lm, and an electrode, or a machining electric 
power supply member for supplying machining electric 
power between the workpiece made of insulating material or 
high resistance material which are coming into contact with 
conductive material, and an electrode, a machining liquid 
supply member for supplying a machining liquid containing 
carbon between the electrodes, a positioning member for 
relatively positioning the workpiece and the electrode, a 
voltage measuring member for measuring voltage between 
the electrodes at a point of time when a predetermined 
period of time has passed from the start of electric discharge, 
and a control member for setting a relatively short electric 
discharge pulse width suitable for machining the workpiece 
according to the measured value of voltage between the 
electrodes measured by the voltage measuring member for 
measuring voltage between the electrodes and for setting a 
relatively long electric discharge pulse-width suitable for 
forming a conductive ?lm on a surface of the workpiece to 
be machined. 

The present invention also provides an electric discharge 
machine for machining a workpiece by generating pulse-like 
electric discharge between an electrodes including a machin 
ing electric power supply member for supplying machining 
electric power between a workpiece made of insulating 
material or high resistance material which are coated with a 
conductive ?lm, and an electrode, or a machining electric 
power supply member for supplying machining electric 
power between the workpiece made of insulating material or 
high resistance material which are coming into contact with 
conductive material, and an electrode, a machining liquid 
supply member for supplying a machining liquid containing 
carbon between the electrodes, a positioning member for 
relatively positioning the workpiece and the electrode, a 
voltage measuring member for measuring voltage between 
the electrodes at a point of time when a predetermined 
period of time has passed from the start of electric discharge, 
and a control member for setting a relatively short electric 
discharge pulse width suitable for machining the workpiece 
in the case where the measured value is lower than a 
predetermined reference voltage according to the measured 
value of voltage between the electrodes measured by the 
voltage measuring member for measuring voltage between 
the electrodes, and for setting a relatively long electric 
discharge pulse width suitable for forming a conductive ?lm 
on a face of the workpiece to be machined in the case where 
the measured value is higher than a predetermined reference 
voltage according to the measured value of voltage between 
the electrodes measured by the voltage measuring member 
for measuring voltage between the electrodes. 
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The present invention also provides an electric discharge 
machine for machining a workpiece by generating pulse-like 
electric discharge betWeen an electrodes including a machin 
ing electric poWer supply member for supplying machining 
electric poWer betWeen a Workpiece made of insulating 
material or high resistance material Which are coated With a 
conductive ?lm, and an electrode, or a machining electric 
poWer supply member for supplying machining electric 
poWer betWeen the Workpiece made of insulating material or 
high resistance material Which are coming into contact With 
conductive material, and an electrode, a machining liquid 
supply member for supplying a machining liquid containing 
carbon betWeen the electrodes, a positioning member for 
relatively positioning the Workpiece and the electrode, a 
voltage measuring member for measuring voltage betWeen 
the electrodes, and a control member for setting a relatively 
short electric discharge pulse Width suitable for machining 
the Workpiece in the case Where a measured value (second 
measured value), Which is measured by the voltage measur 
ing member for measuring voltage betWeen the electrodes at 
a point of time When a predetermined period of time has 
passed from the time When a measured value (?rst measured 
value) measured by the voltage measuring member for 
measuring voltage betWeen the electrodes becomes a value 
loWer than a ?rst reference voltage Which is set close to 
electric poWer source voltage not higher than the electric 
poWer source voltage, is loWer than a predetermined second 
reference voltage, and for setting a relatively long electric 
discharge pulse Width suitable for forming a conductive ?lm 
on a face of the Workpiece in the case Where the second 
measured value is higher than the predetermined reference 
voltage. 

The present invention also provides an electric discharge 
machine for machining a Workpiece by generating pulse-like 
electric discharge betWeen an electrodes including a machin 
ing electric poWer supply member for supplying machining 
electric poWer betWeen a Workpiece made of insulating 
material or high resistance material Which are coated With a 
conductive ?lm, and an electrode, or a machining electric 
poWer supply member for supplying machining electric 
poWer betWeen the Workpiece made of insulating material or 
high resistance material Which are coming into contact With 
conductive material, and an electrode, a machining liquid 
supply member for supplying a machining liquid containing 
carbon betWeen the electrodes, a positioning member for 
relatively positioning the Workpiece and the electrode, at 
least one comparison member for comparing a reference 
voltage, Which is loWer than the electric poWer source 
voltage, With the voltage betWeen the electrodes, and a 
control member for setting a relatively short electric dis 
charge pulse Width suitable for machining the Workpiece 
according to the result of the comparison, and for setting a 
relatively long electric discharge pulse Width suitable for 
forming a conductive ?lm on a face of the Workpiece to be 
machined. 

The present invention also provides an electric discharge 
machine for machining a Workpiece by generating pulse-like 
electric discharge betWeen an electrodes including a machin 
ing electric poWer supply member for supplying machining 
electric poWer betWeen a Workpiece made of insulating 
material or high resistance material Which are coated With a 
conductive ?lm, and an electrode, or a machining electric 
poWer supply member for supplying machining electric 
poWer betWeen the Workpiece made of insulating material or 
high resistance material Which are coming into contact With 
conductive material, and an electrode, a machining liquid 
supply member for supplying a machining liquid containing 
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6 
carbon betWeen the electrodes, a positioning member for 
relatively positioning the Workpiece and the electrode, a 
comparison member for comparing voltage betWeen the 
electrodes at a point of time When a predetermined period of 
time has passed from the start of electric discharge With 
predetermined reference voltage, and a control member for 
setting a relatively short electric discharge pulse Width 
suitable for machining the Workpiece in the case Where the 
voltage betWeen the electrode is loWer than the reference 
voltage according to the result of the comparison conducted 
by the comparison member and a control member for setting 
a relatively long electric discharge pulse Width suitable for 
forming a conductive ?lm on a face of the Workpiece in the 
case Where the voltage betWeen the electrode is higher than 
the reference voltage. 
The present invention also provides an electric discharge 

machine for machining a Workpiece by generating pulse-like 
electric discharge betWeen an electrodes including a machin 
ing electric poWer supply member for supplying machining 
electric poWer betWeen a Workpiece made of insulating 
material or high resistance material Which are coated With a 
conductive ?lm, and an electrode, or a machining electric 
poWer supply member for supplying machining electric 
poWer betWeen the Workpiece made of insulating material or 
high resistance material Which are coming into contact With 
conductive material, and an electrode, a machining liquid 
supply member for supplying a machining liquid containing 
carbon betWeen the electrodes, a positioning member for 
relatively positioning the Workpiece and the electrode, a ?rst 
comparison member for comparing voltage betWeen the 
electrodes With a ?rst reference voltage Which is set at a 
value close to the electric poWer source voltage not higher 
than the electric poWer source voltage, a second comparison 
member for comparing voltage betWeen the electrodes With 
a second reference voltage Which is set at a value loWer than 
the ?rst reference voltage, and a control member for setting 
a relatively short electric discharge pulse Width suitable for 
machining the Workpiece in the case Where the voltage 
betWeen the electrodes is loWer than the second reference 
voltage according to the result of the comparison conducted 
by the second comparison member at a point of time When 
a predetermined period of time has passed from the time at 
Which the voltage betWeen the electrodes becomes loWer 
than the ?rst reference voltage according to the result of the 
comparison conducted by the ?rst comparison member, and 
for setting a relatively long electric discharge pulse Width 
suitable for forming a conductive ?lm on a machined face of 
the Workpiece in the case Where the voltage betWeen the 
electrodes is higher than the second reference voltage. 
The electric discharge machining method and electric 

discharge machine of the present invention is composed as 
described above. Therefore, it is possible to realiZe stabili 
Zation of machining a Workpiece made of insulating material 
or high resistance material and enhancement of quality of a 
machine face. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic illustration shoWing an eXample of 
a Wave-form of voltage impressed betWeen electrodes of a 
conventional electric discharge machine by Which a Work 
piece made of insulating material or high resistance material 
is machined. 

FIG. 2 is a schematic illustration shoWing a composition 
of an electric discharge machine of Embodiment 1 of the 
present invention. 

FIG. 3 is a schematic illustration shoWing an eXample of 
a Wave-form of voltage impressed betWeen electrodes of an 
electric discharge machine of Embodiment 1 of the present 
invention. 
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FIGS. 4A and 4B are schematic illustrations showing a 
phenomenon of electric discharge generated in the process 
of machining a Workpiece made of insulating material or 
high resistance material. 

FIGS. 5A and 5B are schematic illustrations shoWing a 
Wave-form of voltage impressed betWeen electrodes corre 
sponding to FIGS. 4A and 4B. 

FIG. 6 is a schematic illustration shoWing an eXample of 
a change in a Wave-form of voltage impressed betWeen 
electrodes, Wherein the change in the Wave-form of voltage 
is caused by a state of a conductive ?lm. 

FIG. 7 is a schematic illustration shoWing a composition 
of an electric discharge machine of Embodiment 2 of the 
present invention. 

FIGS. 8A to SE are schematic illustrations shoWing a 
mechanism of electric discharge machining. 

FIG. 9 is a schematic illustration shoWing a composition 
of a conventional Wire electric discharge machine by Which 
a Workpiece made of insulating material or high resistance 
material is machined. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiment 1 

FIG. 1 is a schematic illustration shoWing an eXample of 
a Wave-form of voltage impressed betWeen electrodes of a 
conventional electric discharge machine by Which a Work 
piece made of insulating material or high resistance material 
is machined. In the draWing, reference mark t is time, 
reference mark V is voltage impressed betWeen electrodes, 
reference mark V0 is electric poWer source voltage, refer 
ence mark Vg is arc voltage, reference mark Vs is electric 
discharge detection voltage, reference mark TP is a prede 
termined electric discharge pulse Width, reference mark TPL 
is an electric discharge pulse Width longer than electric 
discharge pulse Width TP Which appears at a certain 
frequency, and reference mark Tr is recess time. 

In the case Where electric discharge machining is con 
ducted by a conventional electric discharge machine, by 
Which a Workpiece made of insulating material or high 
resistance material is machined, While a constant electric 
discharge pulse Width TP is set so as to obtain a machined 
face of uniform surface roughness by keeping electric dis 
charge energy at a constant value, When a state of electric 
discharge machining is observed, it is possible to observe 
electric discharge pulse Width TPL Which is longer than 
electric discharge pulse Width TP as shoWn in FIG. 1. The 
above Wave-form of voltage impressed betWeen electrodes 
Will be studied as folloWs. 

A commonly used electric discharge machine is planned 
as folloWs. In order to make an electric discharge pulse 
Width to be a predetermined electric discharge pulse Width 
TP, a predetermined voltage not higher than electric poWer 
source voltage V0 is used as electric discharge detection 
voltage V5, and at a point of time When voltage becomes 
loWer than electric discharge detection voltage VS, it is 
recogniZed that electric discharge has started, and the mea 
surement of electric discharge pulse Width TP is started. 
HoWever, in the case of electric discharge machining of a 
Workpiece made of insulating material or high resistance 
material, since electric resistance on a surface of the Work 
piece is high, voltage betWeen electrodes impressed after the 
start of electric discharge becomes high. In this case, the 
voltage betWeen electrodes includes a drop in voltage caused 
by electric resistance of the Workpiece. Therefore, as shown 
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8 
by A in FIG. 1, voltage V betWeen electrodes is not loWer 
than electric discharge detection voltage VS although elec 
tric discharge is started. Therefore, the electric discharge 
machine does not recogniZe that electric discharge has 
started. Accordingly, the electric discharge machine keeps 
on impressing voltage. In this case, voltage betWeen elec 
trodes is gradually loWered. After a period of time corre 
sponding to a predetermined electric discharge pulse Width 
TP (for eXample, several 10 us) has passed from a point of 
time When voltage V betWeen electrodes gradually decreases 
and becomes loWer than electric discharge detection voltage 
VS, the impression of voltage is stopped and the process 
comes to rest for recess time Tr. As described above, a 
phenomenon is caused in Which an actual pulse Width 
becomes TPL that is several times or several tens times as 
long as the above predetermined electric discharge pulse 
Width T1,. 

The phenomenon itself can be said to be a phenomenon of 
malfunction caused in the case Where a Workpiece made of 
insulating material or high resistance material is machined 
by an electric discharge machine Which is manufactured in 
order to machine a Workpiece made of conductive material 
such as steel. HoWever, the above phenomenon ful?lls an 
important function When a Workpiece made of insulating 
material or high resistance material is machined by electric 
discharge machining. That is, When an electric discharge 
pulse, the pulse Width of Which is much longer than the pulse 
Width of the setting, appears according to the above 
phenomenon, it becomes possible to machine insulating 
material or high resistance material. As shoWn in the 
description of the background art, When a Workpiece made 
of insulating material or high resistance material is 
machined by electric discharge machining, it is necessary to 
conduct machining While a conductive ?lm is being formed 
on a surface of the Workpiece. According to the investigation 
made by the present inventors, the folloWing facts have been 
made clear. An electric discharge pulse, the pulse Width of 
Which is short and the same as the setting value (This pulse 
is referred to as “a short electric discharge pulse” 
hereinafter.), contributes to removing a conductive ?lm and 
machining the Workpiece. An electric discharge pulse, the 
pulse Width of Which is long and exceeds the setting value 
(This pulse is referred to as “a long electric discharge pulse” 
hereinafter.), contributes to forming a conductive ?lm on a 
surface of the Workpiece. 

In general, it is Well knoWn that When an electric dis 
charge pulse Width is eXtended in electric discharge machin 
ing in Which oil is used as a Working solution, carbon 
produced by decomposition of the Working solution attaches 
to one of the electrodes. HoWever, in the case of electric 
discharge machining conducted on a Workpiece made of 
insulating material or high resistance material, the above 
phenomenon is meaningful for performing the electric dis 
charge machining. The detail of this fact Will be described as 
folloWs. When a long electric discharge pulse appears, a 
Working solution is decomposed by heat generated in the 
process of electric discharge machining. Therefore, crystal 
line carbon, the electric resistance of Which is relatively loW, 
is produced from carbon contained in the Working solution, 
and an electric discharge face of the Workpiece is covered 
With this crystalline carbon. Due to the foregoing, the 
surface of the Workpiece can be electri?ed, so that electric 
discharge can be continuously generated betWeen the sur 
face of the Workpiece and the electrode Which is a tool. The 
short electric discharge pulse conducts machining on the 
Workpiece in the same manner as that of the pulse of usual 
electric discharge machining, hoWever, since electric dis 
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charge is generated With respect to a conductive ?lm on the 
surface of the workpiece produced as described above, it is 
estimated that the Workpiece is melted or sublimed by the 
in?uence of the thus generated heat While the conductive 
?lm is being removed. 
As described above, in the conventional electric discharge 

machine by Which a Workpiece made of insulating material 
or others is machined, a long electric discharge pulse, Which 
is meaningful for conducting electric discharge on insulating 
material or others, is generated by a phenomenon Which may 
be called a malfunction. Due to the foregoing, the Width of 
a long electric discharge pulse ?uctuates, and thickness of a 
conductive ?lm formed on an electric discharge face of the 
Workpiece ?uctuates. As a result, electric discharge machin 
ing becomes unstable and further quality of the machined 
face is deteriorated. 

FIG. 2 is a schematic illustration shoWing a composition 
of an electric discharge machine of Embodiment 1 of the 
present invention. In the draWing, reference numeral 1 is an 
electrode, reference numeral 2a is a Workpiece made of 
insulating material or high resistance material, for eXample, 
reference numeral 2a is a Workpiece made of insulating 
ceramics, reference numeral 14 is a DC electric poWer 
source, reference numeral 15 is a sWitching element, refer 
ence numeral 16 is a resistor, reference numeral 17 is a ?rst 
comparator Which is a comparison member for comparing 
voltage betWeen electrodes With predetermined reference 
voltage, reference numeral 18 is a second comparator Which 
is a comparison member for comparing voltage betWeen 
electrodes With predetermined reference voltage, and refer 
ence numeral 19 is a control member. The same portions as 
those of a conventional electric discharge machine such as 
a positioning member for relatively positioning the electrode 
1 and the Workpiece 2a are omitted here. In this case, the 
Workpiece 2a is coated With a conductive ?lm in the same 
manner as that described in the Japanese Unexamined Patent 
Publication No. Sho63-150109. Alternatively, the Workpiece 
2a is contacted With and ?Xed to conductive material in the 
same manner as that described in the Japanese Unexamined 
Patent Publication Nos. Hei7-136849 and Hei9-253935. 

FIG. 3 is a schematic illustration shoWing an eXample of 
a Wave-form of voltage impressed betWeen electrodes of an 
electric discharge machine of Embodiment 1 of the present 
invention. Like reference characters are used to indicate like 
parts in FIGS. 1 and 3. In FIG. 3, signal (a) sent from the 
control member 19 for driving the sWitching element 15 
shoWn in FIG. 2, output signal (b) of the ?rst comparator 17 
and output signal (c) of the second comparator 18 are shoWn 
being synchroniZed With a Wave-form of voltage betWeen 
the electrodes. 

In FIG. 3, reference mark TP1 is a relatively short electric 
discharge pulse Width suitable for machining the Workpiece 
2a, reference mark TP2 is a relatively long electric discharge 
pulse Width suitable for forming a conductive ?lm on a face 
of the Workpiece 2a to be machined, reference mark T0 is a 
predetermined period of time from the start of electric 
discharge, reference mark V1 is reference voltage of the ?rst 
comparator 17, and reference mark V2 is reference voltage 
of the second comparator 18. Reference voltage V1 of the 
?rst comparator 17 is set at a value close to electric poWer 
source voltage V0, and reference voltage V2 of the second 
comparator 18 is set at a value loWer than reference voltage 
V1. Both reference voltage V1 and reference voltage V2 are 
set at values higher than arc voltage Vg. The ?rst comparator 
17 compares voltage V betWeen the electrodes With refer 
ence voltage V1, and When reference voltage V1 is loWer 
than voltage V betWeen the electrodes, the ?rst comparator 
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17 outputs signal H, and When reference voltage V1 is higher 
than voltage V betWeen the electrodes, the ?rst comparator 
17 outputs signal L. In the same manner, the second com 
parator 18 compares voltage V betWeen the electrodes With 
reference voltage V2, and When reference voltage V2 is 
loWer than voltage V betWeen the electrodes, the second 
comparator 18 outputs signal H, and When reference voltage 
V2 is higher than voltage V betWeen the electrodes, the 
second comparator 18 outputs signal L. Apoint of time When 
the output signal (b) of the ?rst comparator 17 changes from 
H to L is judged to be a start of electric discharge. 

In the case Where electric resistance of the surface of the 
Workpiece 2a, Which is made of insulating material or high 
resistance material, is loW, like the short electric discharge 
pulse Width T1,1 shoWn in FIG. 3, voltage V betWeen the 
electrodes sharply drops after the start of electric discharge 
and becomes loWer than reference voltage V1 of the ?rst 
comparator 17 and reference voltage V2 of the second 
comparator 18. On the other hand, in the case Where electric 
resistance of the surface of the Workpiece 2a is high, like the 
long electric discharge pulse Width TP2 shoWn in FIG. 3, 
voltage V betWeen the electrodes does not sharply drop after 
the start of electric discharge, but voltage V betWeen the 
electrodes becomes loWer than reference voltage V1 of the 
?rst comparator 17, hoWever, voltage V betWeen the elec 
trodes becomes higher than reference voltage V2 of the 
second comparator 18. 
At a point of time When predetermined period of time T0 

has passed from the start of electric discharge (at the time B 
shoWn in FIG. 3), the electric discharge pulse Width is set by 
the control member 19 according to the output signals of the 
?rst comparator 17 and the second comparator 18. That is, 
in the case Where electric resistance of the surface of the 
Workpiece 2a is relatively loW at a point of time When a 
predetermined period of time T0 has passed from the start of 
electric discharge, a short pulse Width TP1 is set by the 
control member 19. In the case Where electric resistance of 
the surface of the Workpiece 2a is relatively high at a point 
of time When a predetermined period of time T0 has passed 
from the start of electric discharge, a long pulse Width TP2 
is set by the control member 19. The reason Why the short 
pulse Width TP1 or long pulse Width TP2 is set Will be 
eXplained beloW. 
As described above, an electric discharge pulse, the pulse 

Width of Which is short (The pulse Width is TF1), contributes 
to removing a conductive ?lm and machining the Workpiece 
2a. An electric discharge pulse, the pulse Width of Which is 
long (The pulse is TF2), contributes to forming a conductive 
?lm on a surface of the Workpiece 2a. According to the 
investigations made by the present inventors, the folloWing 
facts have been made clear. In the case Where a conductive 
?lm is tightly formed at the electric discharge starting 
position of the Workpiece 2a, a drop in voltage is big, that 
is, voltage betWeen the electrodes is loW, and in the case 
Where a small quantity of conductive ?lm is left at the 
electric discharge starting position of the Workpiece 2a, a 
drop in voltage is small, that is, voltage betWeen the elec 
trodes is high. 

FIGS. 4A and 4B are schematic illustrations shoWing a 
phenomenon of electric discharge generated in the process 
of machining a Workpiece made of insulating material or 
high resistance material. In the draWing, reference numeral 
1 is an electrode, reference numeral 2a is a Workpiece made 
of insulating material or high resistance material, reference 
numeral 3 is an arc column, and reference numeral 20 is a 
conductive ?lm. FIG. 4A is a vieW shoWing a case in Which 
a phenomenon of electric discharge has occurred in a portion 
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of the conductive ?lm 20 formed on the workpiece 2a Where 
the electric resistance is loW, and FIG. 4B is a vieW showing 
a case in Which a phenomenon of electric discharge has 
occurred in a portion of the conductive ?lm 20 formed on the 
Workpiece 2a Where the electric resistance is high. FIGS. 5A 
and 5B are schematic illustrations shoWing a Wave-form of 
voltage impressed betWeen electrodes corresponding to 
FIGS. 4A and 4B. In the draWing, t is time, V is voltage 
impressed betWeen the electrodes, V0 is the electric poWer 
source voltage, and Vg is arc voltage. FIG. 5A is a vieW 
shoWing a Wave-form of voltage impressed betWeen the 
electrodes corresponding to FIG. 4A, and FIG. 5B is a vieW 
shoWing a Wave-form of voltage impressed betWeen the 
electrodes corresponding to FIG. 4B. 

In the case Where voltage V betWeen the electrodes and 
reference voltage are compared With each other by the 
comparator shoWn in FIG. 2, voltage of the electrode 1 and 
voltage on the Workpiece 2a side are compared With each 
other through the conductive ?lm 20 as shoWn in FIGS. 4A 
and 4B. In the case Where the conductive ?lm 20 is tightly 
formed and electric resistance is relatively loW as shoWn in 
FIG. 4A, the measurement of voltage is substantially equiva 
lent to a measurement in Which an electric potential differ 
ence of the arc column 3 is directly measured. Therefore, 
voltage V betWeen the electrode becomes equivalent to arc 
voltage Vg, Which is about 20V to 30V as shoWn in FIG. 5A. 
On the other hand, in the case Where a quantity of conductive 
?lm 20 is small and electric resistance is high as shoWn in 
FIG. 4B, in addition to the electric potential difference of the 
arc column 3, a drop in voltage caused in a portion close to 
the electric discharge point, the electric resistance of Which 
is high, is detected as voltage V betWeen the electrodes. 
Therefore, a detected value of voltage V betWeen the elec 
trodes is increased as shoWn in FIG. 5B. 

As explained above, electric resistance at the position 
Where electric discharge has started can be judged by the 
voltage immediately after the start of electric discharge, that 
is, a state of the conductive ?lm 20 can be judged by the 
voltage immediately after the start of electric discharge. 

FIG. 6 is a schematic illustration shoWing an example of 
a change in a Wave-form of voltage impressed betWeen 
electrodes, Wherein the change in the Wave-form of voltage 
is caused by a state of a conductive ?lm 20. In the draWing, 
t is time, V is voltage betWeen the electrodes, and V0 is 
voltage of the electric poWer source. In FIG. 6, the folloWing 
can be understood. According to the intensity of voltage V 
betWeen the electrodes immediately after the start of electric 
discharge, for example, according to (A), (B) and (C) shoWn 
in the draWing, electric resistance of (A) at the position of 
start of electric discharge is the highest, and electric resis 
tance of (B) is next to electric resistance of (A), and electric 
resistance of (C) is next to electric resistance of Con 
cerning the thickness of the conductive ?lm 20 at the 
position of start of electric discharge, (C) is the largest, and 
(B) is next to (A), and (C) is next to 
An appropriate pulse Width of electric discharge, Which 

corresponds to a case in Which the thickness of the conduc 
tive ?lm 20 is reduced as shoWn in FIG. 4B, may be 
previously found by an experiment. 

For example, a state of the conductive ?lm 20 at the point 
of electric discharge is judged With the comparator shoWn in 
FIG. 2 as folloWs. In the case Where the thickness of the 
conductive ?lm 20 is small, that is, in the case Where voltage 
V betWeen the electrodes at the point of time When prede 
termined period of time T0 has passed from the start of 
electric discharge is high, appropriate long pulse Width TP2 
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of electric discharge is previously found by an experiment, 
and a state of the conductive ?lm 20 at the point of electric 
discharge is judged from voltage V betWeen the electrodes 
at the point of time When predetermined period of time T0 
has passed from the start of electric discharge. In the case 
Where voltage V betWeen the electrodes at the point of time 
When predetermined period of time T0 has passed from the 
start of electric discharge is loW, that is, in the case Where the 
thickness of the conductive ?lm 20 is large, short pulse 
Width TP1 of electric discharge is set. In the case Where 
voltage V betWeen the electrodes at the point of time When 
predetermined period of time T0 has passed from the start of 
electric discharge is high that is, in the case Where the 
thickness of the conductive ?lm 20 is small, long pulse 
Width TP2 of electric discharge is set. In this Way, electric 
discharge can be made to proceed, and an electric conduc 
tive ?lm can be formed at a position of electric discharge 
Where the thickness of the conductive ?lm is reduced, and an 
appropriate pulse Width can be set according to the state of 
the conductive ?lm 20. 

Accordingly, it is possible to solve the problems caused in 
the conventional electric discharge machine by Which a 
Workpiece made of insulating material is machined, that is, 
it is possible to solve the problems that the pulse Width of a 
long electric discharge pulse is not stabiliZed and the thick 
ness of a conductive ?lm formed on the electric discharge 
face of the Workpiece ?uctuates. As a result, the Workpiece 
made of insulating material or high resistance material can 
be stably machined, and quality of the machined face can be 
enhanced. 

For example, in the case of electric discharge conducted 
by a diesinking electric discharge machine of the prior art, 
surface roughness on a machined face of a Workpiece is 
approximately 10 pm, hoWever, according to electric dis 
charge machining conducted by a diesinking electric dis 
charge machine of the present invention, surface roughness 
on a machined face of a Workpiece can be improved to about 
3 pm. 

In the above explanation, for example, as shoWn in FIG. 
2, the tWo comparators are provided, the start of electric 
discharge is judged by an output signal of the ?rst compara 
tor 17, electric resistance on the surface of the Workpiece is 
judged by an output signal of the second comparator 18, and 
tWo types of the electric discharge pulse Width are set 
according to the electric resistance. HoWever, the number of 
the comparators may be increased, that is, three or more 
types of the electric discharge pulse Width may be set. In the 
case Where three or more types of electric discharge pulse 
Width are set according to electric resistance betWeen the 
electrodes, it becomes possible to more precisely set the 
electric discharge pulse Width according to a state of the 
conductive ?lm attached to the Workpiece. Therefore, the 
Workpiece made of insulating material or high resistance 
material can be more stably conducted, and quality of the 
machined face can be enhanced. 

In this connection, the electric discharge machining 
method and electric discharge machine of the present inven 
tion can be applied to Wire electric discharge machining, 
diesinking electric discharge machining and small hole 
machining. 
As explained above, according to the electric discharge 

machining method and electric discharge machine of the 
present invention, in the electric discharge machining of a 
Workpiece made of insulating material or high resistance 
material, a state of the surface of the Workpiece is judged 
from voltage betWeen the electrodes Which changes by 
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electric resistance on the surface of the workpiece, and the 
Width of a long electric discharge pulse for forming a thick 
conductive ?lm out of a thin conductive ?lm on the Work 
piece is appropriately set according to the result of the 
judgment. Therefore, the present invention is different from 
the invention disclosed in the Japanese Unexamined Patent 
Publication No. Hei3-3722 in Which the pulse Width of 
electric discharge is adjusted in order to conduct machining 
While electric discharge energy is being kept constant 
according to a detected value of voltage impressed betWeen 
the electrodes. 

Embodiment 2 

FIG. 7 is a schematic illustration shoWing a composition 
of an electric discharge machine of Embodiment 2 of the 
present invention. Like reference characters are used to 
indicate like parts in FIG. 2 shoWing Embodiment 1 and 
FIG. 7 shoWing Embodiment 2. In FIG. 7, reference numeral 
21 is a voltmeter Which is a measurement member for 
measuring voltage impressed betWeen the electrodes, and 
the thus measured value is sent to the control member 19. In 
the case Where voltage betWeen the electrodes measured by 
the voltmeter 21 becomes a value not higher than the ?rst 
reference voltage, Which is voltage that has been set at a 
value close to the electric poWer source voltage not higher 
than the electric poWer source voltage, it is judged that 
electric discharge has started. 

At a point of time When a predetermined period of time 
(for eXample, a period of time corresponding to T0 shoWn in 
FIG. 3) has passed, a signal is sent from the control member 
19 to the voltmeter 21. At this time, the voltmeter 21 
measures volt impressed betWeen the electrodes. In this 
case, as shoWn Embodiment 1, an attaching state of the 
conductive ?lm can be judged by the electric resistance 
betWeen the electrodes. Therefore, according to the value of 
voltage betWeen the electrodes measured by the voltmeter 
21, this measured value and the second reference voltage, 
Which is voltage to be set at a value not higher than the ?rst 
reference voltage and higher than the arc voltage, are 
compared With each other. In the case Where the measured 
value is loWer than the second reference voltage, a relatively 
short electric discharge pulse Width (for eXample, T1,1 shoWn 
in FIG. 3), Which is appropriate for machining the Workpiece 
2a, is set by the control member 19. In the case Where the 
measured value is higher than the second reference voltage, 
a relatively long electric discharge pulse Width (for eXample, 
T1,2 shoWn in FIG. 3), Which is appropriate for forming a 
conductive ?lm on the machined face of the Workpiece 2a, 
is set by the control member 19. 

When the above composition is adopted, the same effect 
as that of Embodiment 1 can be provided. 

INDUSTRIAL APPLICABILITY 

As described above, the electric discharge machining 
method and electric discharge machine of the present inven 
tion is appropriately used for electric discharge machining of 
a Workpiece made of insulating material or high resistance 
material. 
What is claim is: 
1. In an electric discharge machining method for machin 

ing a Workpiece When machining electric poWer is supplied 
betWeen said Workpiece, Which is made of insulating mate 
rial or high resistance material coated With a conductive 
?lm, and an electrode, or machining electric poWer is 
supplied betWeen said Workpiece, Which is made of insu 
lating material or high resistance material coming into 
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contact With conductive material, and an electrode so that 
pulse-like electric discharge is generated betWeen said elec 
trodes in a Working solution containing carbon, said electric 
discharge machining method comprising the steps of: 

a voltage betWeen said electrodes at a point of time When 
a predetermined period of time has passed from the 
start of electric discharge is measured; and 

a relatively short electric discharge pulse Width suitable 
for machining said Workpiece according to the mea 
sured value is set and a relatively long electric dis 
charge pulse Width suitable for forming a conductive 
?lm on a surface of said Workpiece to be machined is 
set. 

2. In an electric discharge machining method for machin 
ing a Workpiece When machining electric poWer is supplied 
betWeen said Workpiece, Which is made of insulating mate 
rial or high resistance material coated With a conductive 
?lm, and an electrode, or machining electric poWer is 
supplied betWeen said Workpiece, Which is made of insu 
lating material or high resistance material coming into 
contact With conductive material, and electrode so that 
pulse-like electric discharge is generated betWeen said elec 
trodes in a Working solution containing carbon, said electric 
discharge machining method comprising the steps of: 

a voltage betWeen said electrodes at a point of time When 
a predetermined period of time has passed from the 
start of electric discharge is measured; and 

a relatively short electric discharge pulse Width suitable 
for machining said Workpiece in the case Where the 
measured value is loWer than a predetermined reference 
voltage is set, and 

a relatively long electric discharge pulse Width suitable 
for forming a conductive ?lm on a face of said Work 
piece to be machined in the case Where the measured 
value is higher than a predetermined reference voltage 
is set. 

3. In an electric discharge machining method for machin 
ing a Workpiece When machining electric poWer is supplied 
betWeen said Workpiece, Which is made of insulating mate 
rial or high resistance material coated With a conductive 
?lm, and an electrode, or machining electric poWer is 
supplied betWeen said Workpiece, Which is made of insu 
lating material or high resistance material coming into 
contact With conductive material, and electrode so that 
pulse-like electric discharge is generated betWeen said elec 
trodes in a Working solution containing carbon, said electric 
discharge machining method comprising the steps of: 

at least one reference voltage, Which is loWer than an 
electric poWer source voltage, With a voltage betWeen 
said electrodes is compared; and 

a relatively short electric discharge pulse Width suitable 
for machining said Workpiece according to the result of 
the comparison is set, and a relatively long electric 
discharge pulse Width suitable for forming a conductive 
?lm on a surface of said Workpiece to be machined 
according to the result of the comparison is set. 

4. In an electric discharge machining method for machin 
ing a Workpiece When machining electric poWer is supplied 
betWeen said Workpiece, Which is made of insulating mate 
rial or high resistance material coated With a conductive 
?lm, and an electrode, or machining electric poWer is 
supplied betWeen said Workpiece, Which is made of insu 
lating material or high resistance material coming into 
contact With conductive material, and electrode so that 
pulse-like electric discharge is generated betWeen said elec 
trodes in a Working solution containing carbon, said electric 
discharge machining method comprising the steps of: 
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a voltage between said electrodes at a point of time When workpiece in the case Where the measured value is 
a predetermined period of time has passed from the 
time When the voltage betWeen said electrodes becomes 
loWer than a ?rst reference voltage Which is set at a 

discharge pulse Width suitable for forming a conductive 
?lm on a face of said Workpiece to be machined in the 
case Where the measured value is higher than a prede 

loWer than a predetermined reference voltage accord 
ing to the measured value of voltage betWeen said 
electrodes measured by the voltage measuring member 

Value close to the electric power source voltage lower 5 for measuring voltage betWeen said electrodes, and for 
than the electric poWer source voltage is measured; and Selling a relatively long electric discharge P1115e Widlh 

a relatively short electric discharge pulse Width suitable Shhable for formlhg a eohdhenve ?lm on a face of Sald 
for machining said Workpiece in the case Where the WOrkpleee tebe ,maehlhed m the ease Where the rhea‘ 
measured value is loWer than a predetermined second Shred Value 15 .hlgher than a predetermlhed reference 
reference voltage is set, and a relatively long electric 10 Voltage accordmg to the measured Value of Voltage 

betWeen said electrodes measured by the voltage mea 
suring member for measuring voltage betWeen said 
electrodes. 

7. An electric discharge machine for machining a Work 
piece by generating pulse-like electric discharge betWeen an 
electrodes comprising: 

a machining electric poWer supply member for supplying 
machining electric poWer betWeen a Workpiece made of 
insulating material or high resistance material Which 

termined second reference voltage is set. 
5. An electric discharge machine for machining a Work- 1 

piece by generating pulse-like electric discharge betWeen an 
electrodes comprising: 

a machining electric poWer supply member for supplying 
machining electric poWer betWeen a Workpiece made of 

suring member for measuring voltage betWeen said 
electrodes and for setting a relatively long electric 
discharge pulse Width suitable for forming a conductive 
?lm on a surface of said Workpiece to be machined. 

are coated With a conductive ?lm, and an electrode, or 
insulating material or high resistance material Which 20 a machining electric power Supply member for Supply 
are coated With a conductive ?lm, and an electrode, or ing machining glectric pQWer bgtweengaid workpiepe 
§1 machlrtlllng eleclm‘g Power sulg?ty membiffifor SEPPIY' made of insulating material or high resistance material 
mg mac lnlng 6 6C nc POWer e Ween Sal WOT P1666 which are coming into contact With conductive 
made of insulating material or high resistance material material, and an electrode; 
Which are coming into contact With conductive 25 machining liquid Supply member for Supplying a 

mateglalj ahcll ahgleetroie; b f 1 _ machining liquid containing carbon betWeen said elec 
mac ining iqui supp y mem er or supp ying a trodes; 

machining liquid containing carbon betWeen said elec- positioning member for relatively positioning Said 
trodes; _ _ _ _ _ _ 3O Workpiece and said electrode; 

positioning member for relatively positioning said Voltage measuring member for measuring Voltage 
Workpleee and Send electrode; _ betWeen said electrodes; and 

gothage megsurllhgt tgembter fohtheafsuthhg Village control member for setting a relatively short electric 
eWeeh Sal e ee r0 es a a pom O hhe W en a discharge pulse Width suitable for machining said 

pgedletetnhhéed ?enod oféhhe has passed from the Start 35 Workpiece in the case Where a measured value (second 
0 e ee he 15C arge; ah measured value), Which is measured by the voltage 

a ZQmLOI membler fordsit?ng abielaf?vely Stiff? 616cm; measuring member for measuring voltage betWeen said 
156 arge Pu 56 W1 t Sulta e or mac Hung Sal electrodes at a point of time When a predetermined 

Workpiece according to the measured value of voltage period of time has passed from the time When a 
between Sald electrodes measured by the Voltage meal‘ 40 measured value (?rst measured value) measured by the 

voltage measuring member for measuring voltage 
betWeen said electrodes becomes a value loWer than a 
?rst reference voltage Which is set close to electric 
poWer source voltage not higher than the electric poWer 

6. An electric discharge machine for machining a Work 
piece by generating pulse-like electric discharge betWeen an 
electrodes comprising: 

45 source voltage, is loWer than a predetermined second 
reference voltage, and for setting a relatively long 
electric discharge pulse Width suitable for forming a 

a machining electric power supply member for supplying conductive ?lm on a face of said Workpiece in the case 
machining electric poWer betWeen aWorkpiece made of Where the second measured value is higher than the 
insulating material or high resistance material which 50 predetermined reference voltage, 
are coated With a conductive ?lm, and an electrode, or 8, An electric discharge machine for machining a Work 
a machining electric power supply Ineinber fOf supply- piece by generating pulse-like electric discharge betWeen an 
ing machining electric poWer betWeen said Workpiece electrodes comprising: 
made of insulating material or high resistance material a machining electric power Supply member for Supplying 
Which are coming into contact With conductive machining electric poWer betWeen a Workpiece made of 
material, and an electrode; 55 insulating material or high resistance material Which 
machining liquid Supply Ineinbef fOf Supplying a are coated With a conductive ?lm, and an electrode, or 
machining liquid containing carbon betWeen said elec- a machining electric power Supply member for supply 
trOdes; ing machining electric poWer betWeen said Workpiece 
positioning member for relatively positioning said 60 made of insulating material or high resistance material 
Workpiece and said electrode; Which are coming into contact With conductive 
voltage measuring member for measuring voltage material, and an electrode; 
betWeen said electrodes at a point of time When a machining liquid supply member for supplying a 
predetermined period of time has passed from the start machining liquid containing carbon betWeen said elec 
of electric discharge; and 65 trodes; 
control member for setting a relatively short electric 
discharge pulse Width suitable for machining said 

positioning member for relatively positioning said 
Workpiece and said electrode; 
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at least one comparison member for comparing a refer- 10. An electric discharge machine for machining a Work 
ence voltage, Which is loWer than the electric power piece by generating pulse-like electric discharge betWeen an 
source voltage, With the voltage betWeen said elec- electrodes comprising: 
trodes; and a machining electric poWer supply member for supplying 

a control member for setting a relatively short electric 5 machining electric pOWef betweffn aworkpiec? made_ of 
discharge pulse Width Suitable for machining said insulating material or high resistance material WhlCh 

Workpiece according to the result of the comparison, are Coiled wltlh at cpnducnve ?h?’ and a? elfctrode’lor 
and for setting a relatively long electric discharge pulse a mac Hung 6 66 me power Supp y mem er or Supp y 
Width suitable for formin a conductive ?lm on a face ing mach-?ling électric pQWer be-tWeen-Said WOrkpie-Ce 
of Said workpiece to be 51 achine d 10 made of insulating material or high resistance mater1al 

. . . _ _ Which are comin into contact With conductive 
9. An electric d1scharge machine for machining a Work- g 

. _ _ _ _ material, and an electrode; 

pliece b2; generating pulse-like electric d1scharge betWeen an a machining liquid Supply member for Supplying a 
6 Gem) es compnsmg' machining liquid containing carbon betWeen said elec 

a machining electric poWer supply member for supplying trodes; 

for forming a conductive ?lm on a face of said Work 
piece in the case Where the voltage betWeen said 
electrodes is higher than the reference voltage. 

machining electric POWer between a workpiece made of 15 positioning member for relatively positioning said 
insulating material or high resistance material Which workpiece and said electrode; 
are coated a conductive ?lm, and an electrode, or ?rst Comparison member for Comparing Voltage 
a machining electric pOWer supply member for supply- betWeen said electrodes With a ?rst reference voltage 
ing machining electric poWer betWeen said Workpiece Which is set at a value close to the electric poWer source 
made of insulating material or high resistance material 20 voltage not higher than the electric poWer source volt 
Which are coming into contact With conductive age; 
material, and an electrode; second comparison member for comparing voltage 
machining liquid Supply member for Supplying a betWeen said electrodes With a second reference volt 
machining liquid Containing Carbon between Said 6160 25 age WhlCh is set at a value loWer than the ?rst reference 
trodes; voltage; and 

. . . . . . . . control member for setting a relatively short electric 

posmqmng member for relanvely posmonmg Sald discharge pulse Width suitable for machining said 
Workpleee and Sald electrode; Workpiece in the case Where the voltage betWeen said 

a Comparison member for Comparing Voltage between electrodes is loWer than the second reference voltage 
said electrodes at a point of time When a predetermined 30 according to the result of the Comparison Conducted by 
Period of time has Passed from the Start of electric the second comparison member at a point of time When 
discharge With predetermined reference Voltage; and a predetermined period of time has passed from the 

a control member for setting a relatively short electric time at Which the voltage betWeen said electrodes 
discharge pulse Width suitable for machining said becomes loWer than the ?rst reference voltage accord 
Workpiece in the case Where the voltage betWeen said 35 ing to the result of the comparison conducted by the 
electrodes is loWer than the reference voltage according ?rst comparison member, and for setting a relatively 
to the result of the comparison conducted by the long electric discharge pulse Width suitable for forming 
comparison member and a control member for setting a conductive ?lm on a machined face of said Workpiece 
a relatively long electric discharge pulse Width suitable in the case Where the voltage betWeen said electrodes is 

40 higher than the second reference voltage. 

* * * * * 


